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ABSTRACT

Flexible and programmable automation are increasingly demanded by industry as they offer reduced set up times and the ability to manufacture parts in small batches. These systems invariably use robots for handling and other manufacturing tasks to attain the desired output. Simulation of robot systems which is getting very popular, especially with the lowering cost of computers, can be used for layout evaluation, feasibility studies, presentations with animation and off-line programming [1]. The off-line programming capability of such systems can be enhanced if the programmes generated have the accuracy needed, so that modifications to the programmes - however minimal are not required. But this is not the case at present due to various reasons such as, modelling and manufacturing inaccuracies. This results in the robot space and control space not exactly mapped. Improvements to this mapping can be made at high costs, which could make such systems not so affordable. Thus if a mapping of the robot space can be improved by other means, in an affordable manner, then it will be of immense use to the users of such systems in the flexible automation area. Normally, an external sensor system is used to aid the calibration process. Robot calibration can be defined as a process by which the accuracy of a robot manipulator is enhanced to high orders of magnitude [2]. This paper presents the work done with a  system called GRASP, which is 3D modelling and simulation system with textual programming and off-line programme generation capability. The issues of simulation and calibration are discussed  and case studies presented to support the necessity for calibration.

INTRODUCTION

Flexible or programmable automation, with reduced set up times with the ability to manufacture parts in small batches is increasingly demanded by industry today. Off-line programming is essential for reducing the lead time to manufacture in such automation systems. The low levels of accuracy present in the robot manipulators significantly reduce their usefulness in manufacturing [3]. The modern trend in the need to work in closer toleranced tasks and environments, is the result of  market pressures. In addition, the advent of new and advanced technologies like surface mounted electronic components with the need for closely packed assembly of smaller components, which cannot be assembled manually in a cost effective manner, have all contributed to the need for accurate handling systems like robots. The integration of off-line programming systems with CAD/CAM systems [8, 13] improve the productivity of such systems. But the accuracy of robot systems have to be improved by calibration methods to utilise this facility even further [4, 14]. Also, the advanced self learning systems [9, 10] too will be enhanced with the improvement in off-line programming capability.

In metrology, calibration of an equipment results in maintaining the relationship of the equipment capability with a traceable national or international standard. In the case of  robot calibration, it is a process by which the accuracy of a robot manipulator is enhanced to high orders of magnitude [2]. It normally consists of 3 steps: modelling, measuring and updating data (compensation for errors). Various systems, like the use of cameras [2, 12] and touch trigger probe [5] have been used to aid the calibration of robot systems. Still the systems are cumbersome and take too long to satisfactorily perform, in order to achieve integration and interoperability that is required from such systems to be useful  [6]. Higher level programming systems to program assemblies off-line [7] will be  enhanced by improved accuracy in such systems [11]. Thus calibration will play an increasingly important role in automation systems of the future, employing robots and off-line programming systems. 

GRASP SIMULATION SYSTEM

This system, which can run on a wide variety of computers, can be used to create static and dynamic models of systems. By static, it is meant to describe in general the non self moving entities of a system like a table for example. The dynamic models are those of robot and other systems that can be programmed to perform tasks of varying nature, like handling, spray painting, welding etc. The programmed simulation can be postprocessed  to provide an off-line programming environment.

CALIBRATION USING GRASP

Calibration of robots using GRASP is carried out by supplying ‘real world’ data to the  created model in GRASP. The system then adjusts the created simulation model to reduce the errors as calculated from the supplied data.
Case Study 1

PLASMA SPRAYING AT ROLLS-ROYCE [6]

In the RR TRENT engine, the high temperatures of hot combustion gases entering the turbine enable the extraction of  maximum thrust. Nozzle Guide Vanes (NGVs) direct the hot gas flow from the combustion chamber onto turbine blades efficiently; hot gases can sometimes be hotter than the melting point of alloys used on NGVs. Sophisticated internal & external air cooling & Thermal Barrier Coating (TBC) used to control the effects of high temperature. TBCs can reduce the parent metal temp by up to 170( C. Plasma spraying of ceramic material is used for TBCs. Plasma is formed by supplying suitable gas mixture around electrodes in a water cooled gun. The electric arc formed between the electrodes results in a high velocity plasma jet (600 m/s) with temperatures in excess of 15000( C. The TBC material (ceramic powder), is fed into the hot plasma stream, which on impact solidify to form the TBC. ASEA IRB 2000 Robot is used to  manipulate the plasma gun Traditionally, on-line teaching/learning  of the robot program happens. To determine the contact point of the plasma spray, a pointer representing the stand-off distance is used. Problem is that the robot does not achieve the same programmed positions in auto- mode as it does in the manual mode due to the dynamic performance different from its manual one.  Reasons:- Inertia effects due to high speeds, path smoothing algorithms used, robot manufacturing tolerances & difficulty in teaching using the pointer. As a result, many  hours of manual. Iterative corrections are made – resulting in loss of robot productive time. 

Using GRASP  - the programs generated needed on-line corrections as well. Positional errors up to 10 mm were found, even though relative positions of taught points within a program were quite accurate. 

RR’s aim was to improve the off-line programming capability:-

1. Reduce program generation time by at least 50%

2. Positional accuracy of within 1mm, without need for correction

The results of this study are as follows:

1. Neutral interfaces (STEP) allow CAD defined part geometry to be fed directly into GRASP for off-line programming.

2. GRASP simulates and produces accurate robot programs based on imported part geometry.

3. Neutral robot language – Industrial Robot Language  (IRL- DIN 1994) which allows the program to be transferred to the robot, and to pass calibration and correction data back to GRASP

4. Calibration techniques developed to correct for the robot and cell errors in the GRASP model to enhance accuracy of off-line programming process.

Results

Demonstration of the spraying system shows that the technology developed can be extended to other applications

Calibration of  the robot results in accuracy improvements from 7mm to about 0.8 mm.

Transfer of data using STEP and IRL was straight forward.

Reduction of programming time from 4 weeks to 1 week was achieved – not including the calibration time. But the calibration is only a one-off activity as long as no changes / damage to robot system happens.

The plasma spray software was difficult to use than the GRASP software – additional advantage of off-line programming. So changes to spraying techniques could be evaluated using GRASP.

Case Study 2

PIPE WELDING: In this application two pipes are joined together in a robot welding cell. A rotary fixture is used to manipulate the pipes during the weld process.

Accuracy before Calibration was 5 to 10 mm which was not satisfactory,  as at least 2 mm accuracy was  required.

GRASP was used to do the calibration and after calibration an accuracy of 1 mm was achieved.

Case Study 3

DEBURRING: In this application deburring of complex aluminium components was carried out. In this case accuracy was improved from 10 mm before calibration to 1 mm after calibration. The task was also improved by the use of a compliant tool.

CONCLUSIONS

The need for calibration  of robot systems is very evident. Improvement in accuracies of the order of 1 :10 has been shown to be possible. Still the existing systems can be improved for ease of use and productivity. In the future it is better that such systems are integrated with the robot control system by suppliers of such systems.
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